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PLATES 61-63. 
The recent discovery of certain invertebrate parasites  associated 
with chronic inflammatory changes at the sites of cancer predelection 
or  in  cancer  itself  emphasizes  the  relationship  between  chronic 
irritation  and malignant tumor  formation. 
In  the  fourth  report  of  the  Imperial  Cancer  Commission, 
Haaland  ~ describes nematode worms  in  the breast  tissue  of mice. 
He  found these in and about areas of chronic inflammation and he 
gives  further evidence to prove the possible  effects of these orga- 
nisms  on tumor genesis.  He sees in  these irritants  a  possible  ex- 
planation of the relatively high proportion of-breast tumors in mice. 
Borrel  2 has  also  described  parasites  (acari)  associated  with  early 
epitheliomata in man. 
A  large percentage of the white and hooded rats supplied to our 
laboratory during the past year were infected with worm parasites; 
of which two types have been encountered, a  cestode and  a  nema- 
tode,  the  former in  the  liver,  the  latter  in  the  bladder.  Cestodes 
occurred in about 3  °  per cent. of the animals autopsied.  They were 
encysted in various portions of the liver and were either single or 
multiple.  The  cysts  were  either superficially placed  or  embedded 
more or less deeply in the substance of the organ.  Occasionally the 
cyst was  found in  the peritoneal  cavity, below the  liver,  attached 
to that organ by a  fibrous pedicle.  When superficial, the cysts ap- 
peared as translucent or opaque, thin walled vesicles projecting like 
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blisters from the liver surface.  They vary in diameter from three to 
ten millimeters.  The contents of the cysts consist of a thick mucoid- 
like fluid, in which the coiled up parasite, in different stages of devel- 
opment, is embedded.  The adult worm measures  from four to five 
centimeters in length.  Its head is triangular,  and  its body flattened 
and  segmented.  The  cyst wall  varies  from a  fraction of  a  milli- 
meter to several millimeters in thickness. 
Histological  examination  of the cyst wall shows a connective tissue  of vary- 
ing  density;  in  some  instances  it  is  loose  in  structure  and  resembles  mucoid 
tissue, in others it is dense and firm.  The blood supply varies  with the density. 
The connective tissue is infiltrated  with numerous plasma cells and small  round 
cells.  In  some  cases  polymorphonuclear  leucocytes,  particularly  eosinophiles, 
are  quite  abundant.  Proliferating bile  ducts  (figure  I)  and  isolated  columns 
of liver cells  (figure 2), the latter showing  frequent mitotic figures, extend into 
the cyst  wall.  In old cysts  the wall  shows  regressive  changes  in the  form of 
fatty and hyaline degeneration,  while calcification of the contents  of the cyst is 
occasionally encountered. 
In  the region  of the  cyst  the liver cells undergo pressure atrophy and  the 
bile ducts  show active proliferation.  Throughout the entire liver there may be 
fatty degeneration,  which is sometimes quite marked.  This is the most constant 
pathological  change  and its  occurrence in parts  remote from the parasite indi- 
cates a toxic origin.  Other changes are observed in some cases, ,(iz., hyperemia 
and granular  degeneration  of liver cells, but these are  far  from constant  find- 
ings.  Mitoses  are often quite  numerous. 
Degenerative changes in the kidneys, and in the thyroid and suprarenal  glands 
have been observed.  These are probably, due to some"  other extraneous factor, 
as  they have been  found  in  some  so  called  normal  animals,  free  from  liver 
parasites. 
A  recent chance  finding of a  parasite  embryo in  the  pelvis  of a 
rat kidney led us  to the  study of the bladder,  and to the discovery 
of  the  nematode  parasites.  Of  the  thirty-six  bladders  examined 
thirty-two,  or  approximately  9o  per  cent.,  showed  these  thread 
Worms  in  all  stages  of  development.  Two  of  the  corresponding 
kidneys  showed parasites  or embryos in  the pelvis.  The parasites 
are  in  the  bladder,  either  alone  or  associated  with  firm  plugs  of 
Organic  material,  which  often  project  into  the  urethra;  on  these 
iMugs calcareous matter is sometimes 'deposited,  forming irregularly 
shaped  calculi.  Upon  teasing  out  the  mucous  membrane  of  the 
bladder,  the  living  worms  and  embryos  are  isolated.  The  adult 
i)arasites are white thread-like organisms, tapering from head to tail, 
and measuring from twelve to fourteen millimeters in length.  They ~F. D. Bullock  and  G. L. Rohdenburg.  52,9. 
are sometimes found with their heads embedded in the mucous mem- 
brane of the viscus and their tails firmly fixed in the organic mass, 
and when freed they move actively.  The urine may show desqua- 
mated cells and products of parasites, or may be negative. 
Aside  from the changes in  the  immediate neighborhood of the 
parasite  ,a  large  proportion  of  the  bladders  showed  only desqua~ 
marion of the superficial cells of the epithelial layer.  A  few showed 
either distension with atrophy of the coats,  due to obstruction,  or 
hypertrophy.  In  several there  were  fatty and  hyaline changes in. 
the  mucosa  and  submucosa.  Two  showed  chronic  inflammatory 
changes characterized by eosinophile infiltration.  Beginning kerati- 
nization was observed in the epithelial cells of one organ.  In two 
bladders  the mucous  membrane .was  perceptibly  thickened;  one 
showed.active proli.feration of  the  epithelial  ceils  as  indicated by 
numerous mitoses, but no evidence of metaplasia. 
The embryo parasites  are embedded more or less  deeply in  the 
epitheli,al  layer of the mucosa .and  are covered by one  to  severaI 
layers of markedly ~  flattened  epithelial  cells  (figure 3)-  On  each 
side of them there is a  slight heaping up of cells  (figure 4).  The 
main change, however, is one of pressure atrophy of the surround- 
ing cells, produced by the growing organism. 
The only finding of special interest was made in the bladder of a 
rat  in  which  we  were  studying  the  regenerative  powers  of  the 
pancreas, after an experiment in which a portion of the splenic end 
of the pancreas was ligated and replaced in  the abdominal cavity 
The animal was killed twenty days after operation.  Upon opening 
the abdomen a  large encapsulated mass was  found which enclosed 
the ligated  end of the pancreas  and a  considerable portion of the 
spleen.  The organs enclosed had undergone more or less complete 
autolysis.  The viscera of this animal showed marked degenerative 
changes; probably of 5acterial origin, since bacteria were found on 
microscopical examination.  There was no cestode infection of the 
liver. 
,i 
The histological examination of the bladder revealed a general hyperplastia 
condition of the epithelial l!ning and here and there small polypoid excrescences. 
In these regions the ceilswere markedly increased in number and they were all 
in a very active state of growth, numerous mitotic figures being encountered. 
The cells were heaped up one upon the other in a disorderly fashion. The lower 530  Cell Proliferation  and Parasites  in Rats. 
cells apparently  invaded the pedicle of the polyp  (figure 5),  while hei'e and there 
throughout  the  bladder  generally  the  sharp  line  of  demarcation  between  the 
epithelium  and  the  stratum  proprium  was  lost,  giving  to  the  whole  a  ragged 
appearance.  Embryos  of the  parasite  were  found  in  the  same  area  (figure  6). 
There  was  no  invasion of  the  muscular  coat.  The  cells were  polyhedral,  oval, 
or  fusiform  in  shape,  and  desquamation  of  the  superficial  cells  was  marked. 
Such  a  condition  of  the  bladder  is  generally  considered  a  benign  hyperplasia, 
but in our  opinion it  stands on the border line between inflammatory hyper- 
plasia and cancer. 
In man, a  somewhat similar condition produced by the Bilharzia 
hematobia is known, though here the causative agents are the sharp 
pointed  ova  which  are  embedded  principally  in  the  submucosa. 
They produce polypoid growths which sometimes become cancerous. 
What  factor or factors are responsible for the marked prolifera- 
tion of the cells ?  Mechanical irritation alone does not seem a plau- 
sible explanation.  Coccidia may abound in the intestinal epithelium 
of  rabbits  without  stimulating the  cells to  divide.  If  mechanical 
irritation  alone were the factor we should expect to  find the most 
marked changes in  those 'bladders  in  which there  were numerous 
parasites and calculi.  In the animal in which this stimulation of cell 
growth was most marked, the irritation was slight as compared with 
the other bladders, for there were but few parasites and no calculus. 
As an explanation we may mention the fact that the focus of chronic 
irritation,  which was parasitic  in  origin,  occurred in  a  body satu- 
rated with the products of nucleoproteid autolysis. 
In the case of the cestodes the absence of marked new growth of 
liver cells about the parasite is perhaps to be explained from the fact 
that in the liver the parasite provoked a marked reaction on the part 
of  the  connective tissue,  the  encapsulation  effectually preventing 
further local action. 
The occurrence of parasitic infections in  rats  and mice, coupled 
with the fact that  they have the power of  inducing inflammatory 
changes tending to cancer formation, may prove to be the explana- 
tion  of the so called cage infections which have been recorded in 
various laboratories.  We would in any case urge a  more detailed 
study  of  the  bladder  in  laboratory  animals,  believing  that many 
small and early malignant tumors will be found. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVI.  PLATE  61. 
FIG.  I. 
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FIG.  3. 
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EXPLANATION  OF  PLATES. 
PLATE 6I. 
Fro.  I.  Section  of  the  wall  of  a  liver  cyst  showing  proliferation  of  bile 
'duets  (a);  connective tissue  (b), structure loose. 
Fro. 2.  Section  of  the  wall  of  a  liver cyst  showing  proliferation of  liver 
cells  (a);  connective  tissue  (b)  dense  and  firm;  moderate  round  cell  (c) 
infiltration. 
PLATE 62. 
Fie. 3.  Section of the bladder wall showing the parasite (a)  embedded in the 
epithelium. 
FIe. 4.  Section of the  bladder wall showing the  parasite  (a)  embedded in 
the epithelium and heaping up of cells (b)  about the same.  Note the thin layer 
of flattened epithelium (c)  covering the parasite. 
PLATE 63. 
FIG. 5.  Another  field of  the  same bladder shown  in  figure 6,  showing  the 
invasive character of the growth about the base of the polypoid excrescences. 
FIG. 6.  Section  of  the  bladder  wall  showing  the  marked  proliferation of 
~ells occurring in one instance.  Note the parasite embryos  (a)  in the field. 